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PREFACE. 



Upwards of two years ago the author of this book began the 
publication, in the "Railway Engineering and Mechanics," of a 
series of articles treating of the history of the railroad brake. Favor- 
able comment from many readers has encouraged him to believe that 
the subject is of sufficient interest to warrant the preservation of the 
matter contained in the articles referred to in a more permanent 
form. It has therefore been revised and corrected; and, together 
with some additional material, brought together to form the basis of 
this work. 

To the author himself, the labor involved in- collecting and arrang- 
ing the data contained in these pages, has proven of great benefit in 
aiding him to secure a clear and comprehensive knowledge of the art 
of which he treats; and it is his sincere hope, that', to the reader as 
well, this record of the past will prove of practical value. 

Paui* Synnkstvedt. 
Chicago, 1895.— 126. 
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EVOLUTION or THE AIR 

BRAKE. 



INTRODUCTORY. 

It is easy to conceive that with the invention of wheeled vehicles, 
there was felt the necessity of a brake to stop them in cases of en:er- 
gency, and that this need became greater as the running gear of such 
vehicles was perfected and friction eliminated. But with the intro- 
duction of the tramway and steam railway the brake became an 
absolute necessity, and its importance has grown with the develop- 
ment of the railway and the increased speed and weight of the trains 
hauled, until at the present day there is hardly a part of the rolling 
stock equipment which is deserving of more care and study than the 

brake. The evolution of the railway brake therefore becomes a mat- 
ter of unusual interest at the present day, and in the pages of this book 

its progress and development will be briefly outlined. 

In no place or manner has the early history of the railway brake 
been more perfectly portrayed than in the '* world's railway " exhibit 
of the Baltimore & Ohio Railroad at the World's Columbian Exposi- 
tion. A long line of drawings, illustrative of the above subject, 
proved an interesting and instructive collection to anyone at all 
familiar with such things, and the author made free-hand sketches of a 
number of them, a few of which are here reproduced. 
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FiQ.l - Eablt Lbveb Brakb 



Fig. 1 was the first one in the set and is about as simple a fonn of 
brake as could possibly be designed. There is nothing to it in fact 
except a single wooden lever, pivoted at one end to the body of the 
car and supported at the other by a short chain. This chain was 
slipped off the end of the lever and a downward pressure exerted 
when it was desired to bring the brake into action. Here is an excel- 
lent lesson in simplicity for designers of brakes at the present day. 
Shoe, beam, tie rod, lever and cylinder are all in one, and a little 
muscle is all that is necessary to bring them into operation. Attention 
is called to the fact that the lever, practically as it is used most gen- 
erally to-day, was used in this brake of 1(130, the fulcrum at one end, 
the shoe in the miildle, and the power at the other end. 




Fig. 2— "LbCaan" Brake (1796.) 

Fig. 2 shows what is called the " Le Caan" brake, which was used 

n England about 1790. It was attached to a kind of road cart and, 

is will he clearly seen hy a glance at the cut, was put into operation 
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automaiically. By merely dropping the shafts the point of the curved 
arm wedged itself in between the wheel and the ground. The author 
must confess to not having had any experience with such a brake, but 
is inclined to think it must have been very effective. 




Flo, 3— Modified Leteb BuiKE. 



Fig. 3 shows what migbt be called a nicdified form of the device 
shown in Fig. 1 , with the difference that it has shoes applied to both 
wheels instead of one. 




— EXAUrLE OP IMPBOFEU LevBRAOE. 



Fig. 4 shows a wooden lever brake used in England, but this lever 
'as not pivoted to the car at all, what might be called the fulcrum 
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point bearing against one of tlie wheels and (he power point against 
the other. This is a very good sample of unequal braking power, or a 
poorly equalized brake, as the wheel to tlie right in the cut evidently 
has to stand more pressure than tlie other. It seems a remarkahle 
fact that this same mistake has been repeated hundreds, perhaps 
thousands of times in designs made since this style of brake was in 
use. Every brake which has no dead leveron one end of the truck is 
just as faulty in construction as this one. 




Fio. S-Dbfective Fobm of Leveb Brake. 



Fig. 5 shows still another lever brake which, while it looks as if It 
might be very effective, contains also a mistake which has been 
repeated innumerable times in modern construction. It is that of 
placing two weight points on the same lever, one on each side of the 
fulcrum. If one shoe h.-is a little more slack than the other the one 
that has the least will receive nearly all the braking force while the 
other gets little or nothing. Without compensating devices of some 
kind (springs or equalizers) a lever can no more act properly with two 
weight points than it can with two fulcra. Any one can see that with 
two fixed points in a lever any movement is impossible. 

Fig. 6. the last cut shown, is perhaps to railroad men the most 
interesting. It contains all the elements of the present driver 
brake ; cylinder, toggle-joint and suspension links. This is the first 
power brake shown in this set and was operated by steam from a valve 
near the dome. Attention is called to the fact that the method of 
arranging the cylinder made it unnecessary to use any stuffing 
box around the piston rod, one of the great points of the present push- 
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down brake. The fact that this brake was used on one side of the en- 
gine only was of course a great objection, as it must have produced a 




Fig. G—Stephenson Driver Brake (1833). 

very severe torsional strain on the driving axles. But there is much food 
for reflection in the fact that as early as 1833 Stephenson had in use a 
driver brake so nearly like the best practice of the present day. 



POWER liRAKES IN GENERAL. 

Stephenson's driver hrake, sliown in Fij;. fi, serves very appropriately 
to introduce the subject which, in a general way, we shall consider 
next, namely, the early fonus of the power brake. These were many 
in number anil of great variety. Among them may be mentioned 
Gteani brakes, chain brakes, hydraulic brakes, vacuum brakes, and a 
number of primitive air brakes 
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STEAM BRAKES. 

The steam brake for obvious reasons made practically no headway 
at all beyond its use on the engine and tender. In this limited field, 
however, it has been and is at present extensively used on account of 
its simplicity, requiring only the cylinder and the operating valve\ 
One of the earlier arrangements of it is shown in Fig; 7. The objec- 
tions to it are the liability to freeze, and the escape of steam from 
leakage obscuring the view of the engineer in very cold weather. 

BUFFEk BRAKE. 

There were a number of different forms of this brake designed 
during the period when air was coming into general favor, all depend- 
ent for their operation on the strains on the draw-bars, but as this 
style of brake became most prominent at the Burlington brake tests 
in 1886, we shall treat of it more fully in that connection. 



^t^tn ^^ J^ 
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Fig. 7a— Loughridoe Chain Brake, 
chain brakfs. 

One of the best known of these was the ** Loughridge " which 
was in actual use on a number of roads for some time, just about 
the period when ** air " was in its infancy. This fonn of brake, or a 
mcHiificalion of it, is still in service on some street car lines, on 
trains of two or three cars (notably on some of the large cable 
systems). 

As the name indicates, a chain was utilized in the transfer of 
power, there being chain connections between the cars. We ilhistrate 
it in V\\^. 7a, quoting a dcscrii)tion written by W. de Sanno, of 
Indianapolis. 
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"There was a friction wheel or sheave like A^ Figs. 1 and 2, on a 
three inch shaft, B\ this shaft was hung in hangers, one of which 
swung loose. This loose hanger was connected to a lever passing up 
through the foot board and in such a position as to be easily handled 
by the engineer. To apply the brake the lever was pulled back, 
which brought the friction wheel A in contact with the driving 
wheel flange on the right side of the engine; this would revolve the 
shaft B and wind up the chain. Under the center of each car was 
the frame D swinging on the pivot E, Running loose in the frame 
Z>were the two sheaves F F, The chain was the length of the 
train, but the end of it was secured to the back end of the rear coach. 
When the brake was applied, in winding around the shaft the 
tendency of the chain was to assume a straight line, and in doing so 
it would swing the frame D around in the direction of the arrows, 
which in turn would pull on the two rods II H which were connected 
to the brake levers. By the time the brakes were set (and it was 
quick ) about all the chain belonging to the first car would be wound 
around the shaft. On the shaft B was a ratchet wheel and dog or 
pawl that would hold the brakes set. The lever spoken of set the 
brakes and the ratchet held t!iem set; but the contact between the 
friction wheel and flange was controlled by a weighted bell crank also 
under the foot b^ard. If the tension of the chain became too severe 
it would pull the friction wheel away from the flange by overcoming 
the weight on- the bell crank. To release the brake the engineer 
would raise the pawl from the ratchet and throw the lever forward, 
when the chain would unwind. One great trouble with this brake 
was the friction wheel would get flat spots cut in it by the flange." 

The Clark chain brake was another form of this idea which was 
tried very persistently in England. It was automatic, being arranged 
so that it would apply in case of a separation of the train. 

To accomplish this it was made so that a constant tension on the 
chain held the brakes off and a relaxation of this tension caused them 
to set from force stored in compressed sprir.gs. Concerning this 
brake, Mr. Reynolds, in a work published in England -in 1882, on 
*' Continuous Railway Brakes," makes the following criticism: 

"It has the great defects of all chain brakes: 1. That it can only 
be used on short trains, or portions of trains, so that it is practically a 
sectional brake rather than a continuous brake. 2. The action can- 
not be controlled; that is to say, when applied, the action is in full 
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force, because the friction between the pulleys cannot be graduated. 
On account of this, chain brakes will at all times be very rough 
brakes. 3. It is influenced by changes in the weather, and it very 
commonly happens that drums and pulleys become coated with ice in 
winter. The friction pulleys, under such circumstances, lose their 
g^ip entirely, and the brake is rendered powerless. 4. It not infre- 
quently happens that in winter the chain gets frozen fast on its 
guiding pulleys. In this case, the brakes cannot be either applied to 
or taken oflF the wheels. 

** It may be added that the chain brake is very old, and that it has 
been tried more than any other brake. ' ' 

Hydraulic Brakes. 

Classed under this head are all those brakes which were worked by 
any liquid stored under pressure in an accumulator. One of the 
forms is shown in part in Fig. 8. 

Most of them were operated by a continuous pipe carried along 
the train, with cylinders for applying the force under the cars. The 
pressure was generally obtained by a direct acting steam pump on the 
engine; and in the cases of those which were automatic water under 
pressure was stored in receptacles under the cars. On a separation 
of the train and consequent disconnection of the pipe, those of the 
automatic class would set in a manner quite similar to the automatic 
air brake, the stored water being forced into the brake cylinders by 
springs. Several modifications, some of them very elaborate, were 
made of this general principle, but none were ever perfected so as 
to be satisfactory in practice. 

Lack of compressibility, and susceptibility to cold are the charac- 
teristics which form the main objections to the use of liquids in the 
operation of train brakes. 

VACUUM BRAKES. 

There are two general forms of this brake, the plain vacuum, and 
the automatic vacuum. Both have been and in some places are now 
extensively used. In fact the vacuum brake is the only form of train 
brake which can be considered in any sense a competitor of the com- 
pressed air brake. The plain and the automatic vacuum have each a 
distinct field of usefulness. In service similar to that on elevated 
roads, where the trains are short and the stops frequent, the plain 
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brake has given great satiafactioii. having the very strong n 
dation of simplicity, while on trains of moderate length and light 
cars the automatic vacuum has bad many admirers because of two 
advantages wh'ch it possesses over tlie automatic air brake. There 
are possibilities of accurately graduating the release as well a.s the 
application, in other words making a partial release; and second, the 




FlO. 9-EaMKH ViCMl'M DHAnE, EnoINE AND TeNIIEH. 

fact tliBt repeated applications in rapid succession do not reduce the 
available braking force in the auxiliary reservoir, except of course 
what little may be lost by leakage. 

Fig, 9 shows the application of the Eauies plain vacuum brake lo 
I engine and tender. It comprises the following parts: An ejector 
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for producing the vacuum; a continuous line of pipe: couplings 
between the cars; and diaphragms, (generally substituted forcylindera 
as a means of applying the force. ) 

Outside and sectional views of the ejector are given in figures 10 
and II respectively. This is similar in construction to an injector, with 




PiQ. 10.— Eamkb Ejector. 
the difference that instead of the flow of the steam through the o 
acting to draw water from the tank ami force it into the lioiler, i 
operates to draw the air out of the train pipe, the-eby applying Ihft I 
brake. By simply re-admitting the atmospheric pressure the br^ke ' 
is released. 




With this form of brake the parting of a train lias no effect anil 
the engine is the only place where it can be applied. When the 
ejector is put into operation it must lake air froiii the entire train pipe 
and all the diaphragms to set the brakes. This it does readily in 
sliort trains, and this brake has a remarkable record of efficiency and 
freedom from accident on the elevated roads of New York and 
Brooklyn. 



This was a natural oulgrowlh from the plain vacuum, and most of 
) earlier forms were exceedingly simple. Nearly all of them 
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employed diaphragms or pistons having air tight chambers on both 
sides and mechanism so arranged that when the vacuum in the pipe 
(which was maintained constantly while running ) was destroyed by 
the admission of air from the atmosphere, this air so admitted entered 
the chamber on one side of the diaphragm, but was prevented from 
entering the chamber on the other side. This of course moved the 
diaphragm, with the force of the atmospheric pressure admitted. 



,jfe^ 




Fig. 12— English Vacuum Brake.— Fkj. 13. 

towards the chamber in which the vacuum was still maintained, 
and so applied the brakes. The pressure was removed by drawing 
the air out of the pipes again with the ejector. 

ENGI^ISH VACUUM. 

One form of this general type of brake which is still extensively 
used in England, was exhibited at .the fair and is shown in Figs. 12 and 
13. The train pipe is indicated by ^-/, the cylinder by />>, the piston by 
C and the piston rod by B. The piston rod is large in diameter, 
hollow, and attached rigidly to the floor of the car. The cylinder Z>, 
is attached to the brake lever, ]i, and moves up and down on the 
piston as the brakes are operated. Both the cylinder and piston are 
of pressed steel, and very light. A release valve, /% is provided for 
releasing the brakes by hand when necessary. The piston packing is 
rubber and so attached to the piston that air pressure admitted above 
the piston forces the packing out in contact with the cylinder and 
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shuts off communication with the lower side of the piston. Air 
admitted below the piston easily pushes past the packing and passes 
to the upper side. When the train is running a vacuum exists in the 
train pipe, and also on both sides of the piston;- the cylinder of its 
own weight takes the position shown in Fig. 12. When the brakes are 
to be applied, atmospheric pressure is admitted to the train pipe, Ay 
whereupon it passes through the piston rod B^ into the space above 
the piston, C, and forces the cylinder up into the position shown in 
Fig. 13, applying the brakes through the lever E. Gages are placed 
on the engine and also in the. guards' compartments , and the instruc- 
tions are that when the trains are running they shall show not less 
than 20 nor more; than 25 inches of vacuum. In order to apply the 
brakes simultaneously on all wheels a valve or brake setter is pro- 
vided in each guards' compartment, so constructed that any sud- 
den increase of pressure in the train pipe wil instantly cause the valve 
to open automatically and admit a supply of air, after which it closes 
again by its own weight. A handle is attached to this brake setter, 
by the use of which the guard can, in case of emergency, apply the 
brakes to the entire train. 

The engine equipment comprises an air pump attached to the 
cross-head for maintaining the vacuum while the train is in motion, 
and a combined ejector and engineer's valve. This device has several 
offices to perform, all controlled by one lever. One position of this 
lever puts into operation a steam ejector which creates a vacuum in 
the train pipe and cylinders before the train starts. Another position 
of the lever admits air to the train pipe and at the same time admits 
steam to the cylinders of the steam brake. When the brakes are to 
be released, a movement of the handle will throw the ejector into 
action if the train is at rest. If not, the vacuum is created by the air 
pump. The cylinder of this pump is five inches in diameter, and the 
stroke coincides with that of the locomotive piston. 

SANDER'S VACUUM. 

Fig. 14 illustrates an automatic vacu^um brake patented in 1879. 
It was very similar to the one just dcvscribed, but embodies, in a form 
better suited to purposes of illustration, the idea spoken of above, 
that of making the application of the brakes throughout the train as 
nearly simultaneous as possible, by the automatic opening of a local 
admission valve under each car, whereby atmospheric pressure gained 
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entrance to the train pipe at or near each cylinder in turn, when a 
quantity of air was admitted at the engineer's valve. 

The operation of this device is cs follows: When the vacuum is 
equal on both side^ of the piston a, it is forced inwards into the por- 
tion represented, hy the ]iressure of the atmosphere acting on the 
closed anil external tiid of the piston rod f>. In this position the 
brakes are lield out of action. On the admission of air into the con- 
tinuous pipe on the train and to the non-pistou rod side of the piston 
a, for the purpose of applying the brakes, the piston moves outwards 




and the valve e is opened by the action of the enlarged end £■-* of the 
rod^on the lever c-^ of the said valve e. A sudden inrush of air then 
takes place and the brakes are rapidly applied by the vacuum, which 
is retained on the other side of the piston and in the reservoir by the 
check value />. 

AUTOMATIC VACUUM BRAKE USED AT BURLINGTON. 

Fig. 15 shows the general arrangement of the Eames automatic 
vacuum brake tested at Burlington in 188tJ. It required the use c^ a 
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double ejector, and in addition to the other p:irts used with tlie plain 
D it comprised a sto'age reservoir of gome kind under eacli car, 
in which the force of a constant vacuum cotild bemaintaiiied, andt 
valve, corresponding to the triple in the compressed air brake Th» 
double ejector was simply aconibinatlonof a large ejector for exhaust- 
ing the air from the train rapidly, and a small ejector for niaintaiDiiig 
1 throughout the apparatus while running. 
Fig. 10 is a sectional view of th"e valve which takes the place ol 



^^^1 the triple in the compressed air brake. The valve is placed between 

^^H ' the diaphragms and the reservoir, the reservoir being exhausted 

^^H through it. Its functions are to control the passage of air from the 

brake diaphragms to the reservoir, and partially or wholly apply the 

brrakes; also to admit air to the brake diaphragms, and partially o 

wholly release the brakes. This is accoiuplished by the valves JtfstaA 
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Z. These valves are moved by the bell crauk levers shown in the cut, 
which are controlled by the flexible diaphragms F and N connected 
with them by links. 

Amongst other kinds of vacuum brake made and tested at different 
times may be mentioned Smithes, Hardy's and Aspinall's, but in spite 
of the fact of there being so many different forms, the same general 
principle obtains in them all. 

None of them have been made to fully meet the requirements of 
railway seivice where very long trains and heavy cars are used. The 
greatest force that can be cbtained with a vacuum is necessarily limi- 
ted to less than atmospheric pressure (about 15 pounds), so that to get 
a total piston power equivalent to that of the compressed eir brake 
(which averages 70 pounds) necessitates the use of proportionately 
larger apparatus in every part or an abnormal increase of power 
through levers. The first alternative makes the vacuum brake fully 
twice as heavy, and the second makes frequent adjustment of slack 
necessary. The vacuum brake is also slower in application, and, as 
will be seen in a subsequent chapter, produces in consequence very 
violent shocks on the rear of long trains. 
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COMPRESSED AIR BRAKE. 

From the manifest uncertainty or insufficiency of the apparatus 
previously described, it would seem to us now as if the whole railroad 
world would have turned with eagerness to anything which promised 
better szrvice, and welcomed it with outstretched arms. Such wais 
not the case, however. The early days of the air brake afford a strik- 
ing record of a hard struggle for recognition, and some roads did not 
adopt it until years after it had been proven to be a pronounced 
success. 

The first form of air brake put into successful operation was what 
is known as the ** straight air " brake. In service the operation was 
as follows: 

Air compressed by the pump was stored in the reservoir under the 
engine. When it was desired to set the brake, the engineer's valve 




Fig. 17— Westinghouse Straight Air Brake. 



was turned so as to allow the air from the drum to go back through 
the pipe and fill the cylinders under the cars, forcing out the pistons, 
which through the levers and rods brought the shoes against the 
wheels. To release the brake, the handle of the engineer's valve 
was turned so as to cut off the supply of air from the drum to the train 
pipe, and allow the pressure in the train pipe and cylinders to escape 
to the atmosphere. 

WESTINGHOUSE STRAIGHT AIR BRAKE. 

Mr. Geo. Westinghouse, Jr., was the first inventor to make this 
brake a practical success. The foundation patent on it was issued 
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April 13, 1869, and re-issued July 29, 1873. Fig. 17 is a general view 
of the apparatus shown in this patent. The main drum is marked d, 
the engineer's valve hi the train pipe /*, and the cylinder under the car 
fn. The pump, r, it will be noticed, had three cylinders, one for 
steam, one for pumping the air, and the third for supplying water to 
the boiler. By this it will be seen that the air brake antedated the use 
of the injector. The specification of this patent dwells very emphat- 
ically on the advantages of being able to pump up the boiler without 
the necssity of cutting the engine loose from the train and running it 
back and forth. 

From a catalogue issued in 1872 I have taken the following inter- 
esting items, testifying to the remarkable efficiency of this pioneer air 
brake, though it is to be noted that the results given were taken from 
trials with short trains. 

At Chicago, November 26, 1869, tests were made on the C. & N. 
W. Railway, with the following results: A train of six cars running 
at the rate of 32 miles per hour was stopped in 19 seconds, or seven 
car lengths. The same train at a speed of nearly 40 miles was stopped 
in 10 seconds, running a distance of only 370 feet. 

At Altoona a train of six cars was stopped in less than its own 
length, in 1 1 seconds, from a speed of about 30 miles per hour. An- 
other train on the P. R. R. running at a speed of 45 miles per hour, 
was suddenly flagged and brought up in nine car lengths. 

Although this brake was such a great step in advance over the 
chain brakes and similar devices used in the early days, it lacked 
several of the elements which are essential to a perfect brake. It was 
still too slow, particularly in releasing, as all the air in both pipe and 
cylinders had to be exhausted through the engineer's valve. The 
longer the train the slower it was, on account of the increased number 
of cylinders and length of pipe. The storage capacity of the main 
drum was necessarily limited, and this on long trains, reduced the 
effective power on the pistons. To illustrate: With an initial pres- 
sure in the main drum of 90 lbs. the braking force at full equalization 
on one or two cars would probably be about 85 lbs., while on 10 cars 
it might not be 70. 

Another great objection to this brake was the fact that if a hose or 
pipe burst the brake was thereby rendered useless on the entire train, 
and if the train broke in two the brake on the rear portion was not 
available, although the use of a valve in the coupling enabled the 
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engineer to stop the. forward section — something which was often done 
with disastrous resiilts, collisions between the divided sections being 
not at all uncommon. 

These defects or shortcomings were rendered all the more serious 
and dangerous because of the fact that trouble was most liable to 
occur just at the time when the brake was most badly needed, i. e., 
when a very heavy pressure was put into the pipes to make an emer- 
gency stop. 

Experience with tlie straight air brake soon developed the fact 
that a brake, in order to be satisfactory, should be adapted to be set 
from the train as well as from the engine, for occasions frequently 
arose (as when passengers attempted to get on or off the train while 
in. motion), in which acciden s could have been averted had the train- 
men been able to stop the train quickly without the loss of time 
incident to signalling the engineer to apply the brake. 

It also soon became apparent that a brake in order to be reliable 
must be perfectly automatic, that is. it should be so constructed that 
any defect would operate to set it. Such action would necessitate 
immediate investigation and repair of the defective part. 

It finally became evident that, to secure such a result from the air 
brake, the force for applying the brake nmst be stored on each car, 
and held out of action by a constant pressure carried in the train pipe. 
The most primitive conception of this idea was a design in which a 
spring was use4 as the operative force, so arranged that it was held 
under compression by the air in the pipe, and brought into action 
when the air escaped. Many of the uninitiated at the present day 
have the idea that such is the action of the modern air brake. 

AUTOMATIC AIR BRAKE. 

The first step towards a practical solution of the problem of storing 
the braking power on the cars was to use a reservoir, auxiliary to that 
on the engine. This idea was embodied in a patent issued to Mr. 
Westinghouse, March 5, 1872, the principal cut of which is shown in 
Fig. 18. Here the auxiliary reservoir is open to one train pipe and 
hence in communication with the main reservoir, while by means of 
the other pipe the brakes were applied as in regular straight air. But 
if the train parted the brakes were to be set by the couplings pulling 
apart and thereby turning the valves shown at diagonally opposite 
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comers of the car, thus admitting the air from the auxiliary reservoir 
into the cylinder. 

The next move in this progressive march was to provide a mechan- 
ism so arranged that the stored pressure in the auxiliary reservoir 
would be automatically admitted to the brake cylinder whenever the 
pressure in the train pipe escaped. Such a device is shown in another 
patent issued to Mr. Westinghouse on the same day as the preceding 
one, and from it we have taken Figs. 19 and 20, Fig. 20 being a large 
sectional view of the valve D of Fig. 19. 

In Fig. 19 A'\ is the auxiliary reservoir, A the cylinder, and D 
the triple valve, or what, to speak more accurately, formed the begin- 
ning of the triple valve. We shall not endeavor to describe the opera- 
tion of the parts in Fig. 20, for (as a glance at the cut will show) it 
was a device so '* fearfully and wonderfully made ** that considerable 
time and space would be required to make it clear. It will be 
sufficient to say that it was for the purpose of opening communication 
from the auxiliary reservoir A-X to the cylinder A^ when the pressure 
in the train pipe B-^ escaped. 
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HOSE COUPLING. 



As it was in the development of the straight air brake that the 
hose coupling was perfected, and as that device has played a very 
important part in the evolution of the air brake, before we proceed 
further with the general subject, we shall here give a brief sketch 
of the 

HISTORY OF THB HOSE COUPI^IXG. 

Between the years 1867 and 1874 (the date of the invention of the 
present well known form) there were ten diflFerent patents on hose 
couplings taken out or assigned to the Westinghouse Air Brake Co. 




Fi«. 21— Early Westinghouse Coupling. 

alone Many others were patented during the same period by other 
inventois, and the total number issued to date is very large. 

Fig. 21 shows a good specimen of what, for convenience, we shall 
term the direct type, which was the general form of nearly all the 
designs. They came together end for end, and were held in contact 
by snap springs and lugs. Sometimes, as shown in the cut, they were 
made with check valves, inserted in such a way as to close when they 
were pulled apart; for in use with the straight air brake this was neces- 
sary to keep the brakes on the first section of the divided train in 
operative condition. From the very first, rubber rings or washers 
were used to keep the joint at the jxjint of contact air tight. 

One great difficulty with many of these direct couplers was that 
they would not couple without alteration if the cars were turned end 
for end. In other words, the couplers on the two ends of a car were 
not duplicates. This necessitated placing two hose and half couplings 
oh ^ach end of ^ach car. As a step in the direction of overcoming 
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this difficulty the design shown in Fig. 22, having a male and female 
part cast together in each half coupling, was made and tried for a 
time. 

These attempts were so unsatisfactory, however, that an entirely 




Fig. 22— Modified Westinghouse Coupling. 



new departure, was made by Mr. Westinghouse in 1874, when he 
brought out the coupler shown in Fig. 23, with the passage at right 
angles to the axis. It is safe to say that there have been very few 
mechanical contrivances ever designed which so completely and fully 
met all the requirements of the case; interchangeability, simplicity, 
convenience, non-liability to leakage, and detachability in case of for- 
cible separation of the train. The essential form of this last described 




Fig. 23— Original Form of the Present Coupling (1874). 

coupler is the same as that in geneial use to-day. The principal 
changes made in it have had reference to the method of retaining the 
rubber gasket in place, or additions in the shape of auxiliary devices 
of some kind which have not affected the general construction. Two 
of the first mentioned modifications are shown in Figs. 24 aud 25, the 
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first from a patent issued to T. W. Welsh, and the secund from a 
patent g^ranted to A. W. Jackson, both improvenienls lieiiig of recent 
date. 

In Fig. 24 the gasket is held in place simplj* by ils own elasticity 
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caiisiag the flange to bind in the groove, which is made of a taper 
form for the purpose. 

Fig. 25 shows the gasket held in place by au adjustable retainer, 
which can be operated by a tool thrust through the openizig. Both of 
the above designs were made for the purpose of making it possible to 
renew a worn or defective gasket without the necessity of removing 
the hose from the car. 



I 




Fio. 25— Jackson C( 



One complaint made against the common form of coupling is that 
the cup shape of the end forms a pocket in which dirt collects when 
the hose isallowed to hang down. With this idea in mind Mr. S. M. 
Beery designed the coupling shown in Fig. 26, making the casting of 
such a form that the passage through it would be of practically the 
same diameter at all points, and least liable to afford a lodgment for 
dirt. This waspatented in November, ISDil. 

The peculiar angular construction shown in Fig. 27 is illustrated in 
a patent issued to Eames in 187", and was designed for use with 
-ncuutn brakes, the atniospheric pressure holding tlie two halves to- 






34 



EvoLtJTioN OK TKE Air Brake. 



(jetlier willi sufficient force to keep the connection air tight. That 
lliis form w^ a. success is evidenced by the Tact that it has been and is 
still extensively used, practically without material modification. 

In Fig.2S we return again to the usual construction, with the addi- 
tion of a clapper or cover to keep out the dirt. This was patented by 




Fig. 26— Bbeby CoupLma 



T. W. Welsh in 1879. Others, to whom the san 
have been surprised to find that it was not nove 
confess that the author was one of the number. 



the 



The remaining cuts illustrate v. 
deadly ' ' angle cock. 



IS schemes for doing away with 



Those shown in Figs. 29 and 30 were patented by Westinghouse in 
1879. Fig. 29 shows a semi- spherical rotary valve adapted to be 
opened automatically by the lug // in the act of coupling. Fig. 30 
shows an adaptation of the idea to the usual style of coupling, the 




Fie. 27— Eameb Vacuum Coupling (1877). 



valve in this case l>eiiig a rotary ported disc £, operated by engage- 
ment of the outside arm G with a lug on the opposite half coupling. 
In several devices in this line a plug cock is inserted in the back oE 



coupling and operated in some-sucb manner as the disc valve 
30. Some of these are wholly impractical, while others pos& 
e of them have si 




Many inventors have tried and are still trying to perfect a emipler 
which *ili not need to be conpled by hand. FiK- 31 shows one of this 
class patented by W. A. and L, S. H. Harris. Feb. 20, 18M. It pro- 
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vides for both brake and signal connections. Frequent attempts have 
been made to combine the brake coupling with the signal and steam 
connections, and even to combine it with the M. C. B. ear coupler. 

So far as our information goes, no automatic hose coupler, either 
alone or in combination with other couplers, has proven satisfactory. 
In fact, the great majority of tbem are entirely impracticable, and 
even if one shall be designed which will meet all the requirements, its 
introduction will be a matter of great difficulty because of the lack of 
interchangeabili ty . 




Fig. 31— Habbis AuTOMiiit; Coupling (18341. 
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AIR PUMPS. 

Having in the last chapter considered the development of the hose 
coupling up to the present date, let us begin now the history of 
another detail of the apparatus, 



Fig. 32 is an isometric view of the first Westinghouse pump, pat- 
ented August 30, 1870. It will, no doubt, have a veri- familiar appear- 




ance to many of the older generation of railroad men, so many 
of whom operated the " first one ever put on tlie X. X. & X, R. R." 

The reversing cylinder on top, the outside crank and moving 
piston. «nd the handle for starting it when stopped, are very clearly 
shown. 
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Many times the writer has heard stories of engineers operating the 
pump for a round trip over the road by means of a string tied to the 
reversing piston, giving it a pull every time the pump took a stroke; 
for it is to be noted that this pump had a very peculiar habit, when- 
ever it took a bad vSpell, of always stopping at one end of the stroke, 
when a pull on the string would be necessary to get it to make 
another move. All the.se old timers are agreed, however, that, for 
those days, this pump was a wonderful piece of mechanism, and it is 
reported to have done very effective work as long as it was properly 
adjusted and cared for. 

In Fig. 32 the upper cylinder and head only is shown. Fig. 33 
shows the whole pump, except the top head, in section, the section 
being taken, however, too far back to show the main piston and rod. 
In this cut we wish to call attention particularly to the air cylinder, 
in which, it will be noted, the arrangement of air valves is practically 
the same as that used in the standard O-inch pump for many years 
afterward. 

The familiar stop pin above the lower discharge valve is clearly 
shown, as well as the bothersome bushing in which the upper discharge 
valve works. 

The valve motion in the steam cylinder of this pump comprised a 
main valve C (Fig 34); a reversing piston, the rod and cross head £^ 
of which are seen in Fig. 32; and a reversing valve and stem A^ shown 
in Fig. 34. The main valve C, Fig. 34, stood vertically, on the side of 
the cylinder, with the crank arm vSticking out through a packing nut 
on the top, and the valves proper were in the shape of conical plugs, 
one on the lower end of the stem, and the other a little above the mid- 
dle, opposite the top end of the cylinder. This valve was adapted to 
be adjusted vertically by means of two set screws /I in Fig. 33 and 
/■i in Fig. 82. Of course, if the upper one of these got screwed down 
too far it resulted in a binding of the valve in its bearing, making it 
very hard to move at all, and if the lower set screw were set up too 
tightly, the valves would leak. 

The reversing piston was operated by steam admitted alternately 
to the outer ends by the reversing valve A (Fig. 34). As shown, this 
valve had a stem adapted to project into a hollow made in the upper 
part of the main piston, through an oblong slot in the reversing plate, 
shown as B (Fig. 34). The stem was twisted at its upper and lower 
ends so that as the main piston moved to the top or bottom of the 
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cylinder a rotary inolioii was imparled to tlie' conical reversin}; valve 
A'., the main piston rod itself being inade sguare in cross section to pre- 
vent it from turninjj. The stuffing boxes iised for packing the piston 
were set in horiMiitally. as shown in /) (Fig. 34), anil were niUiplc-d lu 
lie lirawn together by two set screws or licilts 




Figs. 33 



ft Anyone at all familiar with the operation of air 

'« that there were, in this design of valve motif 

J, certain to give trouble. One of them was 

R which it was impossible to keep tightly pack 



pumps -will see at 
n, two verj- weak 
the square piston 
d, and the other 
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was the reversing valve arrangement. Imagine the amount ot fric- 
lional resistance that would be encountered in moving the conical 
valve ^,' and how far the main piston would have to travel to secure 
full movement, or, in other words, how far from the end of the stroke 
the pump would have to begin to reverse. We can imagine, also, how 
rapid would l)e the wear of the ro 1 -»n(l the oblong slot in the revers- 
ing plate in which it uorki. ! 

The patent itself was \ahiable liecause it contained a broad claim 
to the combination of a re ersiiig toi operatmg ma holloiv piston, 
but that the mechanism was unsatisfactor\ in practical operation is 
shown by the fact that this patent ha<I not been issued a year before 




F:o. 35— Improvement in We' 
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application was made by Mr. Westinghouse for another on aa improve 
mentin the reversing valve gear. 

This improvement is shown in Fig. 35, which is a sectional view 
taken through the center of the reversing piston cylinder and revers- 
ing valves. In place of the conical rotary valve with its twisted stem 
there were substituted two poppet valves e and c which were held to 
their seats by the pressure of steam in the chamber between them. 
The lower one was unseated by being struck by the reversing plate 
when the main piston reached the upper end of its stroke. The up- 
per one was unseated by the plate striking the bottom on the lower 
end of the rod when the main piston reached the lower end of its 
stroke. These valves had two large double concentric seats and gave 
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considerable trouhle in service because of the difficulty of keeping , 
these seats tight. An endeavor was made to compensate for alight 
leakage b3- drillinj; a small leak port into the exhauat, but this was a 
sort of makeshift and liiii not fully overcome the objections. In this 
pump, as will be readily seen, it was possible to do away with the 
square piston rod, and this was a great step in advance. The revers- 
ing movement was still imperfect, however, and another alteration was 
made in it inside of a year, as shown by a patent issued in 1872, froin 
which we have taken Fig. 36. 

In this design a return was lliade to the rotary conical plug of the 
first construction, but it was set in a vertical position, with its axis hor- 
izontal, and operated by a rod similar to the one used in the fonn 
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shown in Fig. 35. The cut (Fig, 33) shows only the valve, the bush- 
ing and the top of the rofl, but the manner in which the rotary mo- 
tion was imparted to the valve, is clearly illustrated in the elevation 
on the left 

Although this seemed to meet the requirements a little better, it 
vvas superseded by another form brought out in 187i!. 

In this arrangement, shown in Fig. 37, the rotary valve was still 
retained, but a kind of crank shaft, or rocker arm, was substituted for 
the direct connection of valve and stem of the preceding figure, and 
the upper end of the rod was slotted, or made with a slotted eye, 
shown in the main pirt of the figure, this eye being adapted to slip " 
over the pin /' of the crank shaft ^ I , shown at the top of the figure. 
By this time there were a great number of air brakes in use and quite 
a large number of the pumps last described above were kept in service 
for several years, although it was only a little over a year after this 
that Mr. Westinghouse practically abandoned the old construction ex- 
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cept llie hollow piston roil, anil adopted the design shown in Fig. 38, 
wliich is taken from a patent issiieil in IST'i. The construction shown 
is practically the same as that useil in all the )t-inch pumps and later 
ill the stan<lard 6-inch pump and at the present day in service on thou- 
sands of locomotives all over the world. 

Such differences as exist are matters of <letail only. Instead of two 
packing rings in each valve piston lieail a single hroad ring is shown. 
The bushings are inserteil in exactly the same manner and position. 
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The reversing valve, rod and plate are substantially identical, except 
that the upper end of the rod projects through a stufiing-box at the 
top. This was probably designed to obviate the difficulty sometimes 
caused by inadvertent movement of the reversing valve, which results- 
in what is generally called "giggling " or " fluttering." 

In concluding this chapter the writer desires to call attention to a 
very interesting fact that is revealed by one of the patents to which 
we have referred. It will be noted that most of the changes above 
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(leacribeil had relation to the reversing valve mechanism; all of the 
designs shown uji to Fig. ;!8 evidently having lieeti unsatisfactory I 
FifSt a horiiontiil rotury valve was used, then a double poppet valve, 
then a vertical rotary valve, ami finally a simple slide valve; and yet 
there is a sugjjestioii as to the use of a slide valve contained in the 
very first patent, which is as follows: " A sliding vnlve of short 
K might he marie in do the saiiif work (as the rotary valve used) 




is of the valve stem entering the hollow of the piston headand 
stem, and the two being so constructed that at any desired part of the 
stroke itf tile piston head it shall engage some fixed point in, or part 
of, the valve stem." With our knowledge of the experience of the 
past and of what actually has proven suitable in air pump construc- 
tion, it certainly seems as if it was a strange error in mechanical judg- 
ment to adopt a rotary or plug valve in a mechanism for whicli aslide 
e Tivaa manifestly superior, and especially so when, as shown 
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by the quotation above cited, the use of a slide valve had been con- 
sidered. 

From the figure last above illustrated (which shows the valve 
motion used in the Westinghouse 6 and 8-inch pumps) we naturally 
pass to the latest design furnished by that company, two sectional 
views of the upper head being given in Fig. 39. But little explanation 
of its operation will be necessary, as it is already pretty well known 
among air brake men. The^e are two important points to be noted, in 
which it differs from the one shown in Fig. 38. 

First — instead of the piston valve shown in the latter, a slide valve 
(23) is used to control the main ports, the movement of the slide valve 
being effected by a differential piston. 

Second — All the valve motion is on the top head, so that if it be- 
comes necessary a new head can be substituted while the old one is 
being repaired. 

The outer end of the smaller one of the valve piston heads (28) is 
in constant communication with the exhaust, and the outer end of the 
larger head (29) is connected alternately with live steam and exhaust 
by means of a slide valve (8) operated by a reversing rod (7), a mech- 
an:sm practically identical with that formerly used. 

The advantages of such construction are obvious. It embodies, in 
combination, features shown in various prior devices found in what 
might be called the " ancient history " of the art. 

In 1858 Mr. E. D. Barrett secured a patent on the pump shown in 
Fig. 40, this being one of the earliest patents in this class of direct 
acting steam valves. 

The main valve B was similar to the slide valve on any ordinary 
engine. It received its motion, however, from a double headed piston, 
controlled in its movements by a smaller slide valve, supplementary 
to the main valve. This supplementary valve was actuated by the 
rocker shaft F^ whenever the main piston reached either end of its 
stroke, the arrangement of the parts being clearly illustrated in the 
cut. 

In 1865, a patent was issued to A. S. Cameron for a ** steam slide 
valve,'* the essential features of which are still used in the well known 
Cameron water pump. From this patent we have taken Fig. 41. 

This is perhaps the simplest direct acting valve motion ever 
designed, and is a model which may be very profitably studied by any 
ambitious mechanical designer. The main valve ( C) is adapted to be 




Fio. 41— CiMEBoN Pump (1865). 
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moved back and forth by a double-headed piston i^FFl) whenever the 
main piston B. at either end of its stroke, unseats the exhaust valve 
(/or /[) and thus relieves the pressure from the corresponding end 
oflhe valve piston. As leak ports (ddi)aTK provided to allow live 
steam to equalize on both ends of the double piston, it ij very man!- 
ffst that it is not necessary to have the piston heads a tight fit; in 
other words, no packing rings are necessary. All the parts in the 
design illustrated are readily accessible, a very desirable feature iji any 
mechanical contrivance. In the figure shown the exhaust valves are 
held to their seats by springs '._h ht ), but this was changed some time 
after the issue of the patent, by the substitution of an arrangement 




whereby live steam pressure was used in place of these springs, mak- 
ing the apparatus even simpler than that shown. 

In 1884 a patent was issued to M. S. Harlow for a valve mechanism 
of this same general class (having a slide valve and double piston), but 
in which all the operative mechanism was placed in the top head. 

This we have illustrated in Fig. 42. 

In 1888, Mr. G. A. Eoyden patented a pump in which a double pis- 
ton and slide valve are used, but having their functions- reversed 
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lat is, the piston is used for the main valve, and the slide valve for 
fferaing. This airangetnent is shown in Fig. 43. 
The double piston is really a quadruple one, for it has four heads, 
e upper two being larger than the others. The movement of the 
ain piston is imparted to the reversing valve (28) through the instru- 
entality of the tappet rt>ds(34) Thi'ijncchamsm while not arranged 




I the top head, is still so designed that ti can be coniplelely removed 
om the cj-linder in case it becomes necessary to do any work upon it. 

In 1889 Mr. F. Lansberg patented the valve mechanism shown in 
ig.44. 

This differs from prior constructions in the fact that, in place of a 
tlve piston with two b«ads of the same sixe, a differential piston is 
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used to move the main slide valve, this part of the construction being 
practically identical with the one first above described. It differs 
from that, however, in the form of reversing gear used. When live 
steam first enters at ( 7) it forces the valve to the position shown, be- 
cause the upper piston is larger than tbe lower one. This admits 
steam to tbe under side of the main piston (2), and the upper side, be- 
ing open to the exhaust, through passage (3a and 9), forces the main 
piston to the top of tbe cylinder. When it strikes the tappet (25) the 
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rotary valve |2M) opens a passage to admit live steam to the upper side 
of the piston ( 12), and, forcing it down reverses tbe pump. 

At the bottom of the stroke the tappet (21 1 reverses the movement 
By turning valve ('23) so as to exhaust the steam from above piston 
(12). The under side of the piston (13) is at all times connected with 
tbe exhaust through the port (35). 

As shown, this arrangement was not as readily accessible as some 
of the others, being placed at the side of the cylinder, instead of in 
the top head . 




that pump at their shops at Wiliiierding. We have no record or the 
results, though it is our recollection that high efficiency and great 
economy were obtained. The design was finally abandoned, however, 
in favor of tbe 0,'J inch type, because of excessive liability to beat, 
and unwarranted complication of parts. Whut resembles ill 
ro^Cta a combination of the 9}j-inch pump with the New York 
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duplex, is shown in Fig. 46, taken from a patent issued to H. Brei- 
tenstein, November 21, 1893. 

As will be seen by reference to the drawing, the opposite ends of" 
the cylinder are connected in such a way that both pistons will moves 




Fig. 45. 



1 opposite directions, this being an evident 
le objection incident to any construction in 
which one piston has to stand still until the other has completed its 
stroke. What the operation of the device illustrated would be in 
practice is problematical. 
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GOVERNOR. 

Shortly after the introduction of the automatic brake it became 
manifest that to secure the most satisfactory results in the operation of 
the apparatus, some means must be devised whereby the air in the 
train could be maintained at a uniform pressure without attention 
from the engineer. In the use of the straight air brake it was not so 
essential to keep the stored pressure uniform, and little difficulty was 
experienced by the engineer in satisfactorily regulating the supply by 
occasional manipulations of the pump throttle. 

In itself the problem was a simple one. There was a valve to be 
moved and pressure to do it. A plug cock might do for a valve and a 
piston as a means for supplying the force. As the movement had to 
take place when the pressure reached a certain predetermined amount 
some yielding resistance to the movement of the piston had to be pro- 
vided, which would permit action only when such predetermined 
pressure had been reached. At first glance the solution seemed easy 
enough. Let us demonstrate by illustration. 

In Figs. 46 and 47 is shown, in simple form, what seemed to meet 
the requirements. It was, as far ai» the general plan was concerned, 
nearly identical with many that have been sketched out by aspiring 
inventors who have endeavored to simplify the form in use. Air 
entered the cylinder A at the air inlet, pressed the piston B to the 
left against the spring C and thus through the lever D turned the 
valve E until, when a sufficient number of pounds had accumulated, 
the passage F was completely closed (as shown in Fig. 47) shutting 
off the steam from the pump. As the pressure reduced the spring C 
forced back the piston B^ reopened the passage /% and allowed the 
pump to start again. 

It will be evident on a moment's reflection, that when the passage 
F was nearly closed, the pump would run so slowly that the accumu- 
lation of sufficient pressure to move the piston B further would require 
some time. Herein lay the defect of this device. Just as the pres- 
sure increased, the speed of the pump reduced, in consequence of 
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which the accumulation of the last five or ten pounds below the limit 
was prolonged almost indefinitely It, therefore, became manifest 
that some auxiliary or supplementary device would have to be added 
to overcome this defect. A diaphragm valve held shut by a spring 
under adjustable tension, and adapted when opened to admit pressure 
to the piston, so as to effect full closure of the steam valve when the 
desired limit was reached, seemed best suited to the purpose. Such 
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an arrangement also permitted the steam supply passage to remain 
unobstructed until the full pressure was obtained. 

As a plug cock was not as well adapted to the purpose as a com- 
mon poppet valve, the latter was substituted for the former in 
all the constructions which have been used in practical service. 

Various different modifications of this general idea have been or 
are now in use, and we shall next proceed to consider them in de- 
tail. 
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The pioneer is shown in Fig. 48. It was patented by Mr. Westing- 
house in 1881, and may be found in the earlier catalogues issued by 
the Westinghouse Company. 

B^ is the connection froiji the boiler, B'^ leads to the pump, and a 
balanced steam valve of the usual construction controls the flow of 
steaih from the former to the latter. This steam valve is held open 
by the spring which bears against the piston /?, until sufl&cient pres- 
sure has accumulated in the train pipe or receptacle connected at 
B^ to unseat the diaphragm valve v, when the air pressure flows 
through the passage s^ to the upper side of the piston Z>, moving it 
downwards, and allowing the spring a^ to seat the balanced valve and 
cut off further supply of steam to the pump. The method of operation 
of this governor was very little different from the best ones now in 
use, but the details of construction were too complicated and delicate 
to be satisfactory in the long run. These objections resulted in an 
altered form, brought out in 1883, in which what might be called a 
more negative principle of operation was adopted. Fig. 49 is a sec- 
tional view of this device. 

In this construction steam entered at B from the boiler; the pump 
was connected at B^ and the valve C controlled the passage from one 
to the other. When the hand wheel on the spindle R was unscrewed 
the steam that leaked around the cup piston c^ and through leakage 
groove a^ caused an accumulation of pressure at a (valve d^ being 
normally closed), and operated to open free passage to the pump. As 
soon, however, as the accumulated pressure in the train pipe or drum 
(connected at H^ ) became sufficient to move the diaphragm e against 
the resistance of spring 1, the small valve d^ unseated and permitting 
the escape of the accumulated pressure that was holding the valve C 
open, allowed the back pressure on the pump side of the valve "C to 
close it. In the last clause of the sentence just above is the key note 
to the failure of this device. The * * back pressure ' ' was a varying and 
uncertain quantity, and could not be depended on to seat the valve as 
described, and the consequence was that of the large number of these 
governors put into service very few were of any account. 

The need of a good governor finally became so urgent that in 1889 
Mr. Westinghouse brought out another form, more nearly resembling 
the one patented in 1881, and which forms the basis of the construc- 
tion that company is now using. It is shown in Fig. 50, in which 2 
is the connection from the boiler, 3 to the pump, and the passage be- 
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tneeii them ia controlled by a single vtilve 4, held open by the steam 
pressitte until the air unseats the diaphragm \alve ami flowing in on 




top of piston 8, which is of larger area than the steam valve, forces 
valve 4 to its seat. A modification of thia constni(;tion, taken from 
the same patent, is shown in Fig. 51, the design being simply a dupli- 



Btion of the upper or iliapUragm pari, in order to provide independent 
■ a for both the drum and train pipe. 




|jn 1881 Mr, G. A. Boyden designed a governor which differed 
1 that shown in Fig. JiO, principally in having, instead of a dia- 
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being clearly shown 
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phragtn, a kind of a safety valve, the Ci 
in Fig. 63. 

In 1893 Mr. Massey of the New York Company secured a patent on 
the style of governor shown in Fig. 53, which, while on the same 
general plan as those shown in Pigs. 50 and 52, contained sei'eral 
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modifications in detail A small spring was introduced for the pur- 
pose of unseating the diaphragm \al\e in order to insure more sensi- 
tive action, for mthout such a provision the least amount of lost 
motion between the diaphragm and its \alve interfered considerably 
with the certainty of always secunng prompt starting of the pump 
when the pressure was sightly reduced. 
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Finding the construction shown in Fig. TiO a little too light, the 
Westinghouse Company introduced an improved fomi, now known as 
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theif standard, and which is shown in Fig. 54, but which is too vrell 
known to require further description. 

]n addition to the various ones already described we call attention 
to the one sbovn in Fig. 51). It is the Mason regulator, which began 
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to be very generally known quite a nnmber of years ago, but ae to the 
exact date of the first introduction of which we are uncertain. 

In this device steam from the tioiler passing through passages -V 
and /T (valve 8 being held normally open by the tension of springs) 
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acts on the under side of piston 19, moving it upward and holding 
main valve 21 open ; until the air pressure accumulated in the train 
pipe or drum (connected at O with the cavity under the diaphragm 
24) reaches the limit at which spring 5 is set, when valve S seats, the 
steam under piston 1!) escapes liy leakage and allows valve 21 to seat 
from the action of the spring 22 and steam pressure above it 
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ENGINEER'S VALVE. 

The first form of engineer's valve used with an air brake was 
nothing more or less than a plain three-way cock, i. e., a valve with 
three openings controlled by one rotary plug, conical in shape. It 
was illustrated in the ISTli catalogue of the Westinghouse Air Brake 
Company, from which we tate figure 56 This the foundation idea, 
(having three connections controlled by one vaUe) has been retained 
in all of the engineer's values since designed The complications 
found, in later constructions are merel> additions to this general 
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scheme. The valve shown in the cut was the form used with the 
straight air brake, but it is to be noted that when the automatic brake 
was first intro<luced, the same valves were used for a time simply by 
reversing the motion, something which was made possible by the lact 
that the position of the handle that would apply a straight air brake 
would release an automatic brake, and vice versa. 

With the straight air brake, and also with the automatic brake, as 
long as it was limited to short trains, the operation of such a plain 
valve was quite satisfactory, but as soon as the number of brake eqnip- 
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meiits iiicreaseil. materially difficulty began to be experienced in get- 
ling the brakes to release properly, because of .the insufficiency of the 
air supply carried in the main drums. In order to overcome this 
difficulty it tjecame apparent that, eitller the size of the drum must be 
increased, or else tlie air stored in it must be maintained at a higher 
pressure than that in the train pipe. This was the beginning of " ex- 
cess" pressure. It seems to have been first put into practical u^e in 
the valve shown in Fig. 57 on which what is known as the " running 
position "first appeared I tb 3 cons ruct on pate ted n 187!)) a 




Twtary valve C was substituted for the former plug valve and in the 
center of the casting forming this rotary valve was arranged a small 
poppet valve_/held shut by a spring of just sufficient strength to hold 
back the desired surplus pressure in the main reservoir, the porLs in 
^ "the rotary valve l>eing so arranged as to shut off, in running position, 
U passage of air from the drum to the (rain, except such as forced ils 
**y by this excess pressure valve and througli the small port /,. 
1 In order to make it possible to more accurately gage the amount of 
n pipe reduction made in applying the brakes an exhaust or die- 
e valve E, held shut by a spring, was arranged in such a uianner 
O (lennit the escape of train pipe pressure when the handle D waa 
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moved so as to lighten the tension on the spring. This was also 
designed to assist in closing the exhaust easily, which, as we shall see 
presently, was quite a desirable feature. 

Although this valve was very extensively introduced, experience 
developed defects in its construction which frequently caused much 
inconvenience. The spring on top of the discharge vah-e E would 
some times weaken so as to permit the escape of air from the train 
while the handle was still in the running position, which of course 
made it impossible to carry it an> where etcept in the position for full 
release of the brakes under wliieli circumstances no excess pressure 
could be carried Tne spring on top of the excess pressure valve J 




Fl<i. 58— PiBADTl 



also caused frequent trouble, and the small port L above this valve 
often became obstmctsd with guni so as to prevent entirely the passage 
of air, which of course cut off all feed to the train, allowed the trai:i 
pressure to reduce, sometimes dragging the brakes, and at the satiie 
time causing the accumulation of an abnormal pressure in the main 
reservoir, the amount of this being only limited under such conditions 
by the capacity of the pump. 

In Fig. 58 is shown an arrangement in which the excess pressure 
valve of Fig. S7 is combined with a common three-way cock. The 
cut is taken from a patent issued to Mr. N. J. Paradise in 1882 and is 
practically the same as the valve which was once used quite exten- 
sively on the Chicago, Burlington & Quincy Railway. 
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The nest idea which seemed to develop in the impcovement of 
engineer's valves had relatioii to the driver hrake. In some cases, 
especially on mountain roads, it was condsidered advisable to arrange 
the driver brake so it could be operated independently of the brakes 
on the train. Fig. 50 shows an indepei-dent engineer's valve provided 
for this purpose, the arrangement sliown being a modification of a 




device which was patented 
handle at a certain point, 
be maintained in the drivi 
piston I !!} and valve (12) in 
lion of the drawing. 

In Fig. CO, from a patent issued 
n attempt to combine the di 
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n 1379. The idea was that by setting the 
predetermined amount of pressure coTild 
cylinders through the operation of the 
manner that will be clear from e 



I E. J. Cosgrove in ISS-'i, we illiw- 
^er brake valve with the regular 
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brake valve. It was so arranged as to bring the former into opera 
only in case of emergency, the position of the handle tnarki 
being the position for emergency applications in which it wil 
noted the handle strikes the added valve, and, by connections 
clearly shown, admits air from the main reservoir to the di 
cylinders. 

Shortly after the date of the last named patent conditions hegi 
develop which resulted in the introduction of what is known as 
equalizing discharge valve, but consideration of this we must c 
until the next chapter. 




Fig. 60— Cosgbove Combination Engineer's Dbiver Bbake 

Valve (1885). 
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EQUALIZING DISCHARGE VALVE' 

*-^ "tlie operation of all the engineer's valves previously described, 
ainicu.lt:y was experienced on long trains from the brakes on the head 
cars releasing when they should remain set, because of a violent re- 
coil of the air in the train pipe, which resulted from any sudden clos- 
ure of "the exhaust opening. As long as the number of air brake cars 
m a train was limited to a few, this difficulty was of little moment, 
but with the large increase in the number of equipments that took 
place about 188") or 1886 it becan e evident that some automatic means 
would have to be provided t% overcome this objection, or the loss of 
bralciiig power through such a release on extremely long trains would 
largely reduce the benefits to be derived from investments in contin- 
uous brakes. An idea prevails with many that the equalizing valve 
was an outgrowth of the quick action triple, adopted for the purpose of 
pteventing unnecessary emergency application through definite limita- 
tion of the size of the service discharge opening, but this is a mistake. 
Tne equalizing valve antedates the celebrated Burlington brake tests, . 
besides which, if all that was wanted was a limited discharge opening, 
a smaller hole in the regular rotary valve would have answered every 
Purpose. 

Fig. 61, taken from a catalogue issued by Westinghouse in 1886, is 
the earliest form of equalizing valve the writer has been able to find. 
It seems to have all the elements of the present construction, but con- 
« tains in addition some springs, the use of which is not very clearly 
defined. Possibly they were considered necessary to aid in moving 
the slide valve. Briefly described the operation was as follows: A 
slight quantity of air being exhausted from the cavity alcove the pis- 
ton 18, allowed the pressure in the train pipe underneath to raise the 
piston and hold the valve on the bottom of stem 22 open until the 
same degree of reduction had taken place throughout the train, when 
the valve would gradually close the exhaust as the pressure below the 
piston became slightly less than that above. The valve as shown is in 
the release position, and it is to be noted that in this position air from 
the main drum passed directly through the equalizing piston by un- 




Beating valve a), ami Ihence to the train pipe (as shown 1jy the arrows), 
an arrangement which might liave liaen more satisfoctor)- if it had 
been possible to make the valve 'J>t in some way such as would idsiire 
its Beating absohitely tight at all times. It is apparent that any lodg- 
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ment of dirt on this seat whicli woulil hold the valve open would en- 
tirely destroy its equalling function, because the preliminary exhaust 
port through which air was exhausterl f imi the small cavity itlwjve the 
piston Ijeitig of necessity quile sniall, could not discharge pressure 
sufficiently fast to raise the piston, if airfroni the train pipe were at 
the same time flowing into the cavity past the valve 3). 
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In Fig, 63 we have illustrated a modification of the primitive valve 
Bhown in Fig. 82, the cut having heen taken from a patent issued to 
Westinghouse & Moore in 18W. The principle of operation of the 
two was almost identical, but the latter form was considerably sim- 
pler and is now, with the addition of a feed valve, the standard of the 
Wertinghouse Company. The discharge valve 21 iifonnedon theend 
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A short time after the issue of this patent Mr. George A. Boydeil 
devised an invention shown in Fig. G8, in which the same end was 
accomplished, /. e : the cushioning of the exhaust closure, by means 
of an overflow reservoir substituted for the piston. The principle of 
operation of this valve is well described by the second claim of the 
patent, which was issued in January of 1891. It is as follows: '*A 
device to gradually stop the forward movement of compressed air in 
the train pipe, comprising the combination of a train pipe (//"^^an 
engineer's brake valve {A)^ an air receiver (y), and means to dis- 
charge the train pipe air into the air receiver when the discharge from 
the train pipe to the atmosphere is cut off." The cut shows a brake 




Fig. 63— Boyden Equalizing Engineer's Valve (1891). 



valve of the form of the old three-way cock, but the same equalizing 
arrangement was subsequently used by Mr. Boyden in conjunction 
with an improved valve of the rotary type. 

The next equalizing valve to make its appearance was designed by 
Mr. A. P. Massey, of the New York Air Brake Company, in 1892, and 
this we have illustrated in Fig. G4. In this also the main controlling 
valve was of the plug type, marked 5 in the cut. The principle of 
operation of the valve in closing was similar to that of Figs. 61 and 62, 
but it was opened by a positive mechanical pressure of the lever 15 in- 
stead of a reduction of the pressure on the upper side of the diaphragm. 
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In other words, when it was desirerl to apply tlie brake lightly the 
Iiatidle and controlling valve were moved to such a position as 
would (through a. cam on the lower edge of the plug G) push down on 
the lever 15 and thereby raise the diaphragm 13 and discharge valve 
12, permitting the escape of not only train pipe pressure but also the 
pressure in the cavity on top of the diaphragm, for in the application 
position ports 8 and II were open, as shown in the cut, and the pres- 
sure in cavity 10 reduced coincidently with that in the train until such 
time as the handle was moved to the lap position, when the opening 
from the cavity was closed and the air remaining in it would begin to 
^^^exert a downward pressure on the diaphragm and close the discharge 
^^Kftsoon as tile pressure in the train became equaliy.ed. 

^^V Fio 

^^^ Another 



i 
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Another valve was made by the New Vork Company, and designed, 
we believe, by A. P. Massey. about the same time as the preceding one, 
is ahown in Fig L'5. It is practically the same as the one now fur- 
aished by them as standard. The cut given shows the equalizing part 
of the valve, combined with their arrangement of excess pressure 
valve a.^ designed by H. G. Manning. In this equalizing mechanism 
the autoniatic closure of the discharge opening from the train pipe 
was accomplished hy a balance between, or rather an opposition, of 
the pressures in train pipe and main drum exerted on opposite sides 
of a piston IH. To make an application, the handle was moved to 
Buch a position as would cause the lever 17 to open the valve 27 hy 
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means of the eccentrit.' 13, then as the pressure in the train pipe, which 
is on the upper side of the piston, became reduced the air in the main 
drum, which acts on the under side of tlie piston, would raise the pis- 
ton and permit the valve '27 to close. The bell crank le^er 21, with 
its co-acting spring 24, was for the purpose of exerting a retarding 
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force against the too sudden closure of the discharge valve, such as 
might take place without some such provision, in case the piston 
moved a little stiffly. 

l-'ig. dU shows an equalizing discharge valve patented by Messrs. 
Vaughn & McKee, of St. Paul, in August, 1893. The distinctive 
feature of this device lay in the use of an expansion cavity which bad 
a certain proportionate size as compared to the cylinder in which the 
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equalizing piston operated. Referring to' the cut, it will be seen that 
a slight movement of the handle to the right would move the slide 
valve, b, to a position which would allow air to escape froni the train 
pipe out of the exhaust. This escape of air reduced the pressure on 
the train pipe side of the piston aud through the lever el (as the sir 
in the cavity a" expanded), caused a return movement of the small 
slide valve C which automatically closed the exhaust as the train . 
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pressure became equalized The notches in the quadrant marked 
"service positions' represent various degrees of reduction, as the 
further the lever is moved the greater must be the reduction in the 
trai'i pipe before the lalve r will be clo^d 

In Fig. 67 is shown an equalizing valve patented bj L. E. Howard 
injuly, 18W, This construction seems to' be exactly the reverse of 
the device shown in Figs. 61 and 02. That is. instead of opening the 
equalizing valve by reducing the pressure on the upper side of the 
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piston, the valve is opened by putting pressure underneath it. To 
accomplish this result it was necessary to use two pistons, the lower 
one to open the valve and the upper one to close it. In applying the 
brake, the handle is moved to admit train pipe pressure underneath 
the lower piston. The upper piston at this time being in equilibrium 
of course, offers no resistance to the unseating of the discharge valve 
8, and this, when open, allows train pipe pressure to escape out of the 
port 13 from the under side of piston 6. To illustrate, if five pounds 




of air is admitted below the piston 7, valve 8 will open and stay open 
until a little more than five pounds has been exhausted from the under 
side of piston 6 (the train pipe side) and then the pressure on the 
upper side of the upper piston will begin to exert a downward pressure 
on the valve 8, which will close it as soon as the pressure throughout 
the train is equalized. 

When we contemplate the array of devices shown above, all de- 
signed to accomplish the same result, we cannot help feeling very 
strongly the force of the teaching that the fact that we know of' but 
one way to do a thing is no reason to suppose that some one else may 
not discover another method. 
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TRIPLE VALVE. 

In the last few chapters we have considered the development of 
the pump, engineer's valve, governor and auxiliary parts. Let us now 
return to the subject of the triple valve, the consideration of which we 
left vSometime ago at the point where the " triple valve " first appeared 
on the scene. 

The form of "triple valve " device, shown in Fig. 21, was not (as 
can be easily imagined when reference is had to the cut) a very suc- 
c.-SvSful one. It did not take long to discover that to be satisfactory in 
all the conditions of practical railroad service something much better 
would have to be designed. The problem engaged the attention of a 
number of inventors, but Mr. George Westinghouse, Jr , seems to 
have been the first to get one which came anywhere near doing what 
necessity demanded of it. His invention, like nearly all inventions 
of a mechanical nature, passed through several stages, embodying 
numerous minor changes in detail of construction, but the main ele- 
ments of it are shown in a patent issued to him May 13, 1873, from 
which we have taken the view shown in Fig. ^8. 

Referring to the cut, it will be seen that the casing had three pipe 
connections, and these I have marked to indicate the parts of the 
apparatus to which they are attached. The exhaust is also marked on 
the cut. 

In operation, air enters the valve at D, feeds through the ports x-l 
to the reservoir, and by pressure on the upper side of the diaphragm 
m-l holds shut the valve b leading to the cylinder, and the exhaust or 
escape to the atmosphere open, the valve r, which controls the ex- 
haust, being, as shown, raised from its seat. To apply the brakes a 
reduction is made in the train pipe. This closes the opening from 
the reservoir to the train pipe and from the cylinder to the atmos- 
phere, and then opens the communication from the reservoir to the 
cylinder. Reservoir pressure then flows into the cylinder and sets the 
brakes. To let the brakes ( ff all that is necessary is to increase the 
pressure again in the train pipe, which returns all the parts to the po- 
sition shown. If a partial or service application is desired, only a 
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slight reduction is made in the train pipe, tliis in turn only ^lows a 
small quantity of air to flow from the reservoir to the cylinder, the 
communication lieiiig cut oiF by the return of the valve b to its seat 
when the reservoir pressure reduces a trifle below that in the train pipe. 
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In Fig. 69 {taken from a patent to C. H. Perkins, iss eit in 1875) 
we have illustrate<l an interesting modification of a device em bod vine 
the same general ideas, but using very different mechanical construc- 
tions. The parts as shown are in the release position. As the names 



if the different 
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) further explanation wil{ I 



I 



In Fig. 70 is illustraleil wlial may tie called the father of almost all !l 
the triple valves of the present day. The cut ia taken from a patent 1 
to Mr. George Westilighouse, Jr., October 5, 1875. Crude I 
lougb the device be in appearance, it marks the beginuing of thell 
remarkable advance made in the brake busiue^ since that date. Thia -f 
patent introduced two valuable and important improvements ( 
that shown in Fig, (>3, i. e. , a four-way cock (marked B^ ) , provided 'I 
for the purjiose of changiiig the brakes from straight air to autoniatic I 
or vice \ersa, and a slide \alie ^ is substituted for the poppet vaK-es '1 




rEHKiNB Triple ViLVE (1S75). 

f the earlier form. The iiecessitj- which compelled the introduction 

[ Uje fotir-way cock arose from the fact that at the time this triple 

i invented quite a large number of cars had already Iteen 

d with the straight air brake. As the principle on which this 

5 directly opposite to that on which the automatic ope- 

i of course impossible to use the two conjointly. The 

had to be either straight air or automatic. Letting air 

>f the pipe would set the automat' c and release the straight air; 

CStoring the pressure resulted in the release of tlie a 

plication of the straight air. 

ingthe transition period umch conluaioli arose as the result of | 
rstanding on the part of many o£ •'--> lirriceuie 
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FiQ. 70.— Webtisuhousb Triple V. 



proper position in ivliicli to placu tiie tripli; valve liamlle. However 
the four-way cock was a necessary evil, for it is olivioiis lliat all the 
equipment could not 1)e changed at once, and it is also ohvious that it 
would not do to abaniloii the u.se of llie hrakes entirely pending the 
completion of the cliange. Even up to a very recent date the four- 
ivay cock continued to fill a use on niounlain roads, for until the intro- 
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duction of the pressure retaining valve it was not considered safe to 
use the automatic brake on very heavy grades, because of the danger 
of the stored air in the reservoirs under the train becoming exhausted 
through repeated applications of the brake without proper recharging 
On such lines it was customary to use the automatic brake going 
up hill and then change to straight air before beginning the 
descent. 

• On this drawing also (Fig. 70), the connections have been marked 
for convenience of reference. The piston and slide valve are shown 
in the release position. Air from the train pipe is feeding into the 
reservoir through the small port s, and the cylinder is open to the 
atmosphere through the recessed cavity /i' in the seat of the slide 
valve //. W hen the pressure in the train pipe is reduced the piston 
G moves down, closing the port ^ from the train pipe to the reservoir, 
cutting ofif communication between the cylinder and the exhaust, and 
(the slide valve 1/ continuing its downward movement), uncovering 
the port e, leading from the reservoir to the cylinder, thus applying 
the brakes. Restoration of the pressure in the train pipe moves the 
parts back to the position shown, and thus releases the brakes 

Up to this point we have confined our consideration of the auto- 
matic brake almost entirely to those forms which use a triple valve. 
Another form which should not be passed without some mention be- 
lon^s to a class which was so constructed that no triple valve was 
necessary. One of these is embodied in a patent issued to S. F. 
Prince, Jr., in June, 1878, and as this is one of the earliest ones of the 
kind, we have selected from that patent the illustration marked 
Fig. 71. 

In apparatus of this class a reservoir and cylinder were generally 
used, but the piston in the cylinder was so arranged that it was 
balanced between train pipe and reservoir pressures, the reservoir 
being charged through a small port or passage through or around the 
piston and as generally arranged, covered by a non-returning check 
valve. In Fig. 71 this valve is marked A'. To apply the brake 
the pressure was reduced in the train pipe y, which caused a move- 
ment of the piston to the left because of the expansion of the air in 
the reservoir /"and the seating of the check valve A'. When pressure 
was restored in the train pipe the piston was forced back to the posi- 
tion shown, and thus the brakes were released. 

This arrangement, or some modification of it, has been patented in 
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several countries, and times almost without number, and came into 
quite extensive use in several of the foreign countries under various 
different names. It is open to several serious objections, however, 
especially in service on long trains, and on this account has in the 
last few years been largely superseded by more modern forms. 

In Fig. 72 is illustrated the last of this series of plain triple valves, 
for in that device the development reaches its greatest perfection. 
The valve shown in that cut was designed by Mr. George Westinja^- 
house, Jr., in the year 1870, and in all essential particulars forms the 
basis of nearly all the triple valves since made. It is made on the 
same general plan as the valve shown in Fig. 70, but contains in addi- 




FiG. 71— Prince Automatic Brake (1878). 



lion, the small graduating valve cl, which makes the engineer's con- 
trol of his brake so perfect in all classes of service application. 

A careful study of the sketch will be necessary to thoroughly 
understand the operation of this additional feature. In Fig. 70, as 
stated, the brakes are applied by the slide valve moving down and 
uncovering the port leading to the cylinder, and the flow of air to the 
cylinder is cut off by a slight backward movement of the slide valve 
(just sufficient to close the opening) caused by the reservoir pressure 
reducing to a point a little below the pressure in the train pipe. Now 
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in practice it was soon discovered llml with the device as shown in 
Fig. T* there was a tendency for the slide valve to move clear back to 
the release position instead of stopping just at the point where the 
gradualihg port was covered, bni t!ie exhaust not yet open. This was 
due in part to the fact that the amount of force necessary to start the 
valve upward was more than enough to carry it to the end of its 
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stroke after it started. It is a general and well known law that it 
takes more force to start • a body in motion than it requires to keep it 
moving after it is started, and this case was but one instance of that 
law. To overcome this, then, the slide valve was given a slight 
range of motion independent of the piston stem, and the small grad- 
uating valve was so inserted that after the slide valve had uncovered 
the port to the cylinder, a slight upward movement of the piston 
would seat the small valve e-l^ and without moving the slide valve cut 
off communication from the reservoir to the brake cylinder, the 
resistance afforded by the friction of the slide valve itself acting to 
stop the upward movement of the piston and prevent any uninten- 
tional release during the service application. 

The extreme nicety with which this device operates must be seen 
to be appreciated. 
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QUICK ACTION BRAKES. 

What constitutes a quick action brake is, just at this particular 
time, a much disputed point. The pending litigation, arising from 
actions brought by the Westinghouse Company against a number of 
competitors for alleged infringement of quick -action patents held by 
that company, has ^'iven to the subject extended prominence and 
great interest. 

In 1886, a committee appointed by the Master Car-Builders' Asso- 
ciation, conducted a number of exhaustive tests at Burlington, for the 
purpose of determining, if possible, which of the several different con- 
tinuous brakes then on the market was best suited to use on long 
freight trains. Prior to the date above mentioned, the plain auto- 
matic brake had proven quite sufficient, for the reason that only short 
trains were commonly used. As the motive power was constantly 
being made heavier, the number of cars which could be used in a 
train was correspondingly increased. 

Amongst the brakes entered for trial in 1886, were momentum or 
buffer brakes and compressed air brakes. All were tested on trains of 
50 cars. All failed to meet the requirements. The momentum or 
buffer brakes proved erratic, unreliable and insufficient, and the 
vacuum and compressed air brakes produced too great shocks in the 
rear of the trains, caused by the cars behind crowding into those 
ahead because the head brakes set some time before those in the rear. 

In May, 1887, the tests were repeated, the competing designs com- 
prising an electric brake, an electric air brake, a vacuum brake, and 
what is known as the Westinghouse, 1SS7, quick action brake. In 
these tests the electric air brake patented by J. F. Carpenter made the 
quickest stops and with practically no shock. The vacuum brake was 
unsatisfactory and the Westinghouse new valve, while it made much 
quicker stops than was made the year before, produced at first such 
severe shocks that it was deemed unsafe to use it except in combina- 
tion with electric relief valves. Subsequent investigation revealed the 
fact that this result was due partly to the emergency port in the valve 
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being too small, but mainly loan improper proportioning of the acces- 
sory parts, such as the train pipe, hose cocks, etc. 

This invention was patented bv ilr. Westinghouse in Alarch, 188T. 
and as it clearly exemplifies the class to which it belongs, we repro- 
duce a sectional view of it I Fig. 73) as introductory to this article. 

As to the part of the mechanism which is for use in ordinary or 
service stops, the construction is practically identical with the older, 
plain triple valve (shown in Fig. 72 in our last article). The ad- 
ditional parts, which were used for emergency applications only, 
included a slide valve 41, a check valve 40, and a passage 46, the 
valves in the cut being shown in open position the better to illustrate 
their functions. The train pipe connection, marked on the figure, is 
at all times in open communication (through a passage parallel with 
passage 4tJ, but not shown in the cut i with the drain cup chamber in 




which Fig. 39 staii<ls and should therefore be considered the same as 
if the pipe connection were made directly into the drain cup itself. 

In ordinary or graduation applications of the brakes, the piston 12 
travels ju.st farenoiigti to t<nich the stem of the valve 41, but not 
sufficient to move the valve itself, the spring 39 stopping it at that 
point. On a sudden and extreme reduction in the train pipe pressure, 
all parts move to the position shown, and then port 42, being uncov- 
ered, air from the train pipe passesliytlie check valve 40, and through 
passage 4fi directly to the brake cylinder, at the same time that reser- 
voir pressure is flowing into the cylinder through ports 35, 33 and i2 
Xhi» local venting of the pressure in the pipe under the first ^ar 
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served to hasten the application of the brake on the next succeeding 
car, and so on in turn throughout the train. In the first experimental 
devices of this kind made by Mr. Westinghouse these vents discharged 
directly to the atmosphere. This resulted in considerable waste of 
air, in view of which fact they were subsequently connected to the 
brake cylinder. 

Hxamination of the state of the art prior to the date of this 
patent reveals a number of devices which show the use of a local vent 
as a means of quickening the discharge from a long pipe. One of the 
first is shown in a patent (No. 102,565) issued in 1875 to Ford, Westing- 
house and Welsh, from which we have taken Fig. 74. 

It was arranged to be put in the main train pipe, at such intervals 
as were deemed desirable. The passages marked a' opening to the 
atmosphere were adapted to be closed by valve c when air was admit- 
ted to the train pipe. When the pressure in the pipe was reduced, the 
air with which the reservoir B had been charged, reacted against the 
diaphragm d, and unseating the valve r, opened the vent from the 
train pipe, discharging the air locally to the atmosphere. This patent 
was set up by the New York Air Brake Co. in their defense in the 
suit recently decided, but was declared by the court to fail as an 
anticipation, because it was used for hastening the release of a straight 
air brake, and not for quickening the action of an automatic brake. 

Following this invention, a patent was taken out in England in 
1879, by a man named Sanders, for a device of a similar nature, but 
used as an emergency relief valve in an automatic brake. From this 
(British patent 980 of 1879) we have taken Fig. 75. 

Several variations are illustrated and described in the patent, but 
we shall confine our remarks here to this one. The pipe connection 
shown, leading into the bottom, is for the train pipe attachment. The 
emergency valve a is normally held shut by the air pressure and 
spring d. -A movable diaphragm ^, with a small feed port through it 
at r, is so balanced between air in the train pipe, and in the small 
reservoir above, that in case of any sudden and extreme reduction in 
the train pipe pressure the diaphragm will be moved down by the air 
in the reservoir above, unseating the emergency valve, and creating a 
local discharge from the train pipe to the atmosphere." During ser- 
vice applications of the brake, the device described remains inopera- 
tive (the graduating and release of the brakes being accomplished by 
any other mechanism which may be provided for that purpose) 
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because of the heavy pressure and spring d holding the emergency 
valve to its seat. 

About four months after the issue of the Sanders patent, Mr. Geo. 
' Westinghouse took out a patent (No. aiT,83S) on the automatic relief 
valve shown in Fig. 76. 

This was adapted to be put in the main pipe at intervals through- 
out the train, a sufficient number being used to serve the desired pur- 
pose. The one shown in Fig. 7G is encased in one of the halves of ft 
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hose coupling. Cia the eshaust port, ^the emergency valve, and /) 
the piston used to open the valve. On the unseating of the valve /i, 
air p'ssea freely to the rear portions of the train, through passages /I' 
and B. When a reduction is made at the head enil of the pipe, the 
■ir at the rear attempts to flow back and equalize, hut, as it is stopped 
by the seating of the valve £, pressure is exerted downward on the 
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piston D to open the valve F, and thus discharge the train pipe 
pressure locally to the atmosphere. 

In IS81 a modification of this valve was patented by Mr. Geo. 
and H, H. Westinghouse jointly. This we illustrate in Fig. 77. 

In charging the train, air from the engine enters at the end 
towards the left and moving the diaphragm away from the valve v, 
paaaes through to the rear of the train. A slight reduction forward of 
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the device produces no effect on cars back of it, but a sudden and 

extreme reduction ou the head end, produces, by reaction of the air 

behind the diaphragm, the unseating of the valve !■, and conse(|uent 

Leaning of valve I' to the atmosphere. This is called a " cut-off and 




FiQ. 7«-BoinEN V^LTB. (Patent asO, 285— 1883). 

relief valve " for the reason that, when placed in the main line of the 

tmnpipe, it prevents any service application of the brakes back of it, 

butopens to " relieve " the pressure and hasten the appHcation of all 

e bnkee in cases of emergency. 
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lu 1883, Mr. Geo. A. Boyden secured a patent (No. 280,285), from 
which we reproduce the section shown in Fig. 78. 

This valve was designed for the purpose of providing means 
whereby pressure in the cylinders could be restored or replenished, 
without releasing the brakes, if, on descending a long grade, the 
braking power became reduced from leakage. Some time subsequent 
to the issue of this patent, Mr. Boyden discovered in this mechanism 
the possibility of quick action, for in 1889 he had the patent reissued, 
inserting in the reissue claims so worded as to cover such an invention. 

Referring now to the drawing, it will be seen that the piston is 
made with two heads, the space between them constituting the slide 
valve chamber. Into this chamber there are two openings, one from 
the reservoir, and one from the train pipe, the latter being controlled 
by a check valve d. Above the upper piston is a reservoir or chamber 
in which is stored the air which moves the valve. 

On a reduction of pressure in the train pipe, the slide valve H 
moves down, uncovers the port C vents the pressure from the slide 
valve chamber, and thus permits air from both the reservoir and train- 
pipe to flow into the brake cylinder. 
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WENGER BRAKE. 

In the last preceding chapter we took up the subject of the 
** quick action brake," and considered it as far as the beginning of 
the development arising from the Burlington tests of 1837. Before 
proceeding to follow that line further, let us stop for a time and 
turn our attention to something of interest that was being done 
abroad. 

As we have seen, the first Burlington tests demonstrated very 
clearly the fact that the plain automatic brake was not suitable for 
very long trains, primarily because in cases of emergency action, the 
shock occasioned to the cars on the rear end of the train was dis- 
astrous. In one of the designs which we illustrated in our last issue, 
combined with certain improvements, covered by subsequent patents 
of which we shall treat later, Mr. Westinghouse eliminated this shock 
by the use of means which. quickened the action of the brakes on the 
rear end of the train. 

The tests of the Carpenter electric brake had shown clearly that 
brakes which set simultaneously operated without shock. Other tests 
had shown that brakes which did not apply on the rear cars until 
after the slack had run in produced violent shocks. It was found that 
the time required for all the slack to run in was for a 50-car train, on 
an average, somewhere in the neighborhood of 4 or 5 seconds. As 
soon as the time of the application of the brake was shortened so as to 
be materially less than the length of time required for the slack to run 
in, the amount of shock decreased, the improvement becoming more 
and more noticeable the more nearly the time of application ap- 
proached to the simultaneous action of the electrical devices. 

As a result of the widespread interest in the subject, incited by the 
Burlington tests, the government of France, by a Ministerial resolu- 
tion passed Dec. 14th, 1888, appointed a commission to investigate the 
air brake problem in that country. Various tests were made under 
the comm ssion, concluding with some made in May, 1890, the results 
of which are given in an annexed table. 
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Two points in the action of the Wenger brake which attracted par-; 
ticular attention, because of the excellence of the results shown, are: 
First, the ease with which the engineer handling it was enabletl to 
make accurate stops for water or coal, the position when tlie train 
came to rest varying in some instances but a few inches, and this it is 
to be remembered, with trains of 10 cars, and second, the quickness 
and certainty of release after emergency applications , the brakes in 
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some cases being all off before the speed of the train had been reduced 
below 10 miles an hour, thus saving considerable time by permitting 
the train to proceed without coming to a stop, something practically 
impossible with the devices we are using. The utility of this can be 
better appreciated when viewed in connection with the fact that it 
Is common practice to run trains in several sections, and if one sec- 
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tion is followed \er> closel> b> another, and after making an emer- 
gency application, is delated in releasing the brakes and getting out 
of tlie way, the danger of collision is more imminent. The writer 
recollects an actual etpenetice which came under his notice some 
years ago, where the engineer of an air brake tram of some length 




sighted a freight coming against it on the same track, and failing 
after making an emergency stop to get his brakes released, was 
unable to back'up and let the opposing tram (which had no air) have 
more room to stop, although the time was sufficient to pennit him 
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easily to get all his things out of his seat box before leaving his 
engiue. 

We are not in possession of positive information as to just what 
form of apparatus was used by the Wenger Co. in the above tests. 

The commission after the conclusion of the experiments, reported 
in favor of the Wenger brake and against the quick action brake of 
til ,5 Westinghouse Co., although the latter made, in cases of emer- 
gency application, much quicker stops. 

Some years after the completion of the 1887 tests another French- 
man named M. L. K. Duval, hit upon the idea of overcoming the 
shock (which Mr. Westinghouse eliminated by quickening the 
operation of the brakes on the rear cars) by automatically retarding 
the operation of the brakes on the head cars. To accomplish this 
purpose he designed a valve, which we here show in section in Fig. 
80, the cut being taken from a U. S. patent issued in December, J 893. 
This device was designed to be placed between the main train pipe 
and the triple valve, as shown in Fig. 79 which we have taken from a 
patent issued in 1892. Fig. 81 shows it combined, with a plain triple 
valve in one casing, and as the principle on which it operates is the 
same in either case we shall for convenience of reference use Fig. 81 
to illustrate our more detailed description. The diaphragm and slide 
valve, shown in the upper half of the casing, is substantially identical 
with the plain triple valves in common use, and any preferred form 
could be substituted in place of the one shown. The reservoir is 
charged through the small tube aud check valve passage on the right 
of the drawing. The diaphragm and slide valve shown in the lower 
half of the casing, called by the inventor a *' regulator," are means 
by which the opening which connects the train pipe with the air 
chamber on the lower side of the main diaphragm may be increased 
or decreased in size. 

Briefly stated, these parts perform the function of preventing the 
sudden or extreme variations in the train pipe pressure (such as must 
of necessity be made to secure emergency action) from producing 
violent action of the head triple valves, or in fact any of the triple 
valves, while still permitting the rapid venting of the train pipe at 
the point of discharge and thus a quick as well as practically simul- 
taneous application of all the brakes in the train. Operating on such 
a principle it is of course not possible to make as quick or short an 
emergency stop as with the quick action brake with which this 
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country is familiar, but that this design would successfully eliminate 
shock on long trains would seem a reasonable conclusion. 

It may be of interest to investigate, now more in detail, the 
mechanism used by Mr. Duval, or more properly speaking, invented 
by Mr. Duval, and assigned to and controlled by the well known 
Fives Lille Co. , of Paris. 

Referring particularly to Fig. 81, it is to be noted that the parts as 
shown are in the normal or release position. Air enters from the 
train pipe at the point marked "train pipe,'* and flows through the 
passage in the centei of the stem Z>, and past the slide valve E^ which 
covers the opening out of the stem into the cavity below the main 
diaphragm. If, in charging the train, a heavy pressure is let into the 
train pipe from the main drum suddenly, the diaphragm B will be 
moved upward partially closing the opening Z>, and preventing any 
sudden increase of the pressure below the main diaphragm, thus 
retarding the release of the brakes on the first cars, until the pressure 
at the car is about equal to that in the head end when all the valves 
release together. 

In making emergency applications a sudden and extreme reduc- 
tion is made in the train pipe pressure. This causes the * * regulator * ' 
diaphragm B to move downward again partially or wholly closing 
the opening which connects the train pipe with the cavity below the 
main diaphragm, and thus retarding the application of the head brakes 
until the pressure in the rear end of the train pipe has had an oppor- 
tunity to become reduced to about the same extent, when all the 
brakes will set at the same time. 

To one familiar with our method of operating things, this scheme 
appears at first glance to be objectionable, the disadvantages appear- 
ing before the advantages. A little careful thought will, however, 
soon serve to convince the mind that the advantages this system pos- 
sesses are by no means so inconsiderable as we had been inclined to 
think them at first, but are on the contrary of considerable import- 
ance. Prominent among the desirable results which it aims to obtain 
may be mentioned the entire elimination of shock, not only in 
emergency applications, but also to a large extent in service applica- 
tions. 
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QUICK ACTION BRAKES (Continued). 

We shall now return to a subject introduced in a previous chapter, 
i.e., "Quick Action Brakes" Our previous inveatigation of this 
extended up to the tests made at Burlington, in 1887. with tlic fonu 
of valve shown in Fig. 73. and which we designated the Westinghouse 
■87 Valve. 

WESTINGUOUSB BRAKE. 

To secure greater reliability in release, this construction was 
altered in the latter part of 1887 and a separate piston introduced to 
operate the quick action valve, the resultant design forming at the 
present day the standard construction of the Westinghouse Compainy. 
We illustrate it in Fig. 82. 
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In service applications tlie operation of this valve is the same as 
that of Fig. 73. In emergency applications the main piston travels 
back until it compresses the spring to the left of stem C, when air is 
admitted by the slide valve from the auxiliary reservoir to llie top of 
the piston £>, as shown by the arrows, and the piston D is forced 
down until the valve £ is opened. Air from tlie train pipe then flows 
to the brake cylinder past the check valve J^, 




Fig. 83 is taken from a patent is.sne<l to \Vestiiit;hoitse in I SOI , hnt 
which -was declared by the New York court to he really included in 
the IHSU patent. The fignn; shows an emergency valve nlom^, it being 
designed piirticularly for use in coiijnnction with iipiKiratus already 
in service, and operating inileijendenlly of the triple valve itself. 

The Rnrlington tests and the rapid introiluctioli of the device 
above descriljcd soon resulted in tlie development of (ximpeting forms 
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of apparatus by rival companies aud the exercise of great activity on 
the part of a large number of inventors. 

The designs produced were so numerous that we have not the space 
to illustrate tbem all. but will confine ourselves to those which are 
best known or which serve best to exemplify the class to which they 

The New York Air Brake Company first entered the field with the 
valve shown in Fig. 84. 




This emplovfd a similar form of graduating valve and emergency 
valve proper to that shown in Kig. 82, but the emergency pistony was 
arranged to secure its actuating force from the train pipe air, through 
the oiieration »f a valve // which in turn was operated by air in the 
reseri'oir. Soon after (he first introduction of tliis device it was dis- 
covered that its operation in emer^ucy was not active etiough to 
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travel through a long train, hut gradually weakened as it receded 
from the engine. As soon as this became manifest the manufacturer 
substituted a new device in which only one emergency piston was 
used, and this in a somewhat ituKlified form {as tested by a 
of the M. C. B. Association at Altoonal, we here illustrate ir 




FlQ. 



With this valve, when there is a rapi<l reduction of pressure in the' 
train pipe, the auxiliary reservoir pressure, actiiig upon the top of the 
piston C, as shown by the arrow, forces the valve /f from its seat, by 
means of the stem /'"■, and permits air to enter undi-r llic check valve 
K and pass to the brake cylinder, as shown by the ar.ows. 

Receiving an adverse decision from the court on these two forms 
of apparatus the New York Co. next introduced tlie device shown in 
Fig. 86. 

In this construction the emergency pLston is actuated by a reduc- 
tion of the pressure 0:1 its upper side through a p- rt in tiio main slide 
valve which on an extreme movement of the main piston opened com- 
municat on from the upper side of the emergency pi -Ion to tl e alnios- 
phere. This valve was decided by tl.e court on injunctional proceed- 
ings to bean infringement of Westinghouse claims, so another iiiven- 
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lion was substituted for it which vented the train pipe to the atmos- 
phere instead of to the cylinder. This we illustrate in I"ig. 87. 

In this valve the emergency piston moveswithin the main piston, 
and, because of the restricted size of the opening A, operates to open 
the emergency valve C whenever tlie reduction in the train pipe pres- 
sure is made with great rapidity, remaining inactive however as long 
as nothing but gradual or service reductions are made. When tlie 
valve C unseats, the air vented from the train pipe strikes another 
piston which in turn opens a large passage from the reservoir to the 
cylinder, the train pipe air escaping to the atmosphere through the 
port/?. 

Fig. 88 illustrates the first or earlier form of valve made by the 
Boyden Brake Co., and patented by Mr. Geo. A, Boyden something 
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over a couple of years ago. In this device, which was one of those 
tested at Altoona by the M. C. B. Committee b2fore mentioned, the 
emergency passage is made directly through the center of the main 
valve chamber. Graduation with this device is accomplished through 
the hoUowstem A^ the emergency valve C remaining seated except in 
emergency applications. 

When a rapid reduction is made in the train pipe pressure the 
pistony moves forcibly outward until the collar D comes against the 
valve C and unseating it admits train pipe pressure directly to the 
brake cylinder. 

A later form of valve designed by Mr. Boyden is shown in Fig. 89. 
In this construction the main slide valve itself performs both 
graduation and emergency functions, the extreme traverse of the main 
piston in cases of emergency uncovering the large port leading to the 
brake cylinder and allowing the train pipe pressure to flow past the 
check valve C around the port above the main piston chamber and 
down through the main valve chamber into the brake cylinder. The 
operation of the parts in service applications is the same as those pre- 
viously described. 

CRANE BRAKE. 

Another valve which was tested at Altoona in November, 1893, was 
the one made by the Crane Company. It is shown in Fig. 90. 

With this valve any sudden and extreme reduction in train pipe 
pressure moves the piston E downward, unseating the small valve Z>, 
and, by venting the pressure below the piston to the brake cylinder, 
allows the train pipe air to flow in above the piston and by a continua- 
tion of the downward movement of the same, unseating the valve F^ 
permits the train pipe pressure to discharge into the cylinder. (7 is a 
check valve of usual construction provided for the purpose of pre- 
venting any return of cylinder pressure to the train pipe. 

I«ANSBERG BRAKE. 

A number of diff"erent forms of valve have been made by the I<ans- 
berg Co., of St. Louis, one of the first being shown in Fig. 91. 

In this construction the emergency valve was in the shape of a slide 
valve, moving on the surface of the main piston chamber as a seat and 
controlling an opening (29) leading to the brake cylinder. This 
(Fig. 91), as nearly as we can determine, is about the form of valve 
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which was found to be so unsatisfactory in service that some of the 
roads refused to accept cars-equipped with it. The makers soon began 
to make improvenieiits in their e(|iiipment, however, and now offer 
ibe ■form (.f construction which we illustrate in Fig. 92, this beinjj 
substantially the same as the device submitted by them at Altoona, 
fiut embodying a number of later improvements. 
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As will be seen by reference to the cut. cup leather valves are used 
both for exhaust, graduation and emergency, the arrangement being 
such that the air pressures upon them are balanced, thus reducing the 
force necessary to move them to a minimum. A careful study of the 
drawing will suffice to make the operation clear, provided it be under- 
stood that the emergency passage from the valve leads directly to the 
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chamber marked "to cylinder;" but being on a plane beyond that of 
the section could only be shown by dotted lines. 

HABERKORN BRAKE. 

Another brake which ha.s attracted considerable attention in the 
air brake world is that invented by Mr. T. U. Ilalwrkorn, of Fort 
Wayne, I nd. From this patent, i.ssued in November, ItfllS, we take 
the cut Fig. 93. 

In this device the graduation is controlled by a piston C havinjja 
Btetii of graduated size f-^ which, on t>eing drawn out of the seat a-^, 
allowed reser\-oir pressure to flow to the cylinder, connected at N. 
P is the emerjjency valve and o-i the piston which, on a sudden re- 
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duction in train pipe pressure, caused the valve P to open and dis- 
charge the train pipe pressure to the atmosphere through the port b-4. 



A number of patents have been issued to Mr. T. S. E. Dixon 
Chicago, for triple valves wliich vent train pipe pressure to the atn 
phere. One of these we illustrate in Fig. .94. 

A careful study of the drawing will serve to make the operatio 
this device clear. 



In Fig. 05 we illustrate the triple valve, the patent forwhich, issued 
to H. S. Park, formed one of those used by the Westinghouse Co. 
against the New York Company in the litigation noted. This was 
one of the devices which used train pipe pressure to actuate the emer- 



Evolution op the Aik Brake. 




Fio. W-DlxoN Tkipi.e Vai 



Evolution of ths Air Brake. 




Fro. 05— Paek TBtPtE Valve. 
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xency valve, and llie patent contains 
operation. 



I tills itictliod of 



III the latter part of 1893 a number of jjaleiits were issne<l to H. I,. 
Howe forafoniiof triple valve in which the main slide vah-e ]kt- 
forrned the emergency functions. We have selected the one ilhia- 
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trated (Fig. 96) merely as an illustration of the general idea. The 
principle of its operation will be easily understood without explanation. 

Within the last couple of years the number of patents on quick 
action brakes, issued during each month, seems to be steadily increas- 
ing. A complete collection would more than fill a volume. Many 
disclose original, not to say startling ideas, but as we have already 
illustrated and described a sufficient number of them to gi e the 
reader a fairly good general idea of the state of the art, we shall leave 
the subject here. 

What the brake of the future will be, no man knows, for none can 
know. Many indications point to a complete revolution in the not 
very distant future of the whole transportation system, and this, of 
course, would necessitate a corresponding revolution in the means 
employed as a braking force. 
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